I. INTRODUCTION
TQM is a philosophy that involves everyone in an organization and in a continual effort to improve quality and achieve customer satisfaction [1] . Reference [2] defmed the TQM process as a total corporate focus on meeting and exceeding customers' expectations and significantly reducing costs resulting from poor quality by adopting a new management system and corporate culture. In other word, TQM is a customer-oriented approach, which uses statistical tools and techniques, the Plan-Do-Check-Act (PDCA) scheme to continuously improve the procedures. The implementation of TQM usually consists of philosophy from Deming's 14 points, Juran's 10 steps, and Crosby's 14 steps as soft TQM and the current tools and techniques as hard TQM [3] . The elements of TQM may be grouped into two dimensions: the management system (leadership, planning, human resources) and the technical system (TQM tools and techniques) [4] ; or into the soft and hard parts [5] . The hard part of TQM, in fact, has a profound impact on organizational performance. For instance, the implementation of hard TQM resulted to increase product quality and to reduce the process cost at companies such as DuPont, Ford, Motorola, Xerox and General Motors. Other examples include the impact of six sigma in Motorola, Quality Function Deployment (QFD) in Toyota, seven simple tools in Honda, Statistical Process Control (SPC) in Motorola, and Taguchi methods in Mazda and Ford [6, 7] .
The experience has shown that some firms fail when they implement TQM [8] because the implementation of TQM cannot be successful without the use of suitable quality management methods and techniques [9] . Reference [10] also concluded that TQM cannot be ensured without the application of the appropriate tools. Using the wrong ad redundant technique it causes to waste time, cost, and to be unsatisfied. Most researches focused on soft TQM [11] . Few studies have investigated on analyzing the relationships between the implementation of different elements of TQM and their performance [3, 12] . For example, Reference [13] examined the effect of organizational environment on TQM performance.
Although TQM techniques have been recognized useful but practically there are many difficulties in compelling people to implement it effectively. There are lots of studies upon TQM tools and techniques but only individually or separately on one or two techniques [14] .
Quality Management cannot be effectively practiced without using a set of tools and techniques. Some tools and techniques are essential and critical to be implemented for a specific industry. Hence, the type of industry should be considered and analyzed too.
Whereas it is not economical for any industry to apply all TQM techniques and there is no effective study on relationship between the TQM techniques, this study focuses on the critical TQM techniques and identifies the relationship of these techniques. This study proposes the implementation of nine TQM techniques that have highest relationship/interaction using a survey and statistical analysis in automotive industries. Implementation of the TQM techniques considering their interaction and interrelationship can make quality management system a more value. It attains a higher quality, revenue and customer satisfaction.
II. LITERA TURE REVIEW
References [15] highlighted that the usage and selection of quality management tools and techniques are vital to support and develop the quality improvement process.
Implementation of TQM needs to apply the critical TQM tools and technique [16] .
Reference [17] revealed that the most important issues for a successful TQM implementation are:
1. Managerial understanding and commitment to the techniques and tools 2. Training that should be undertaken just in time and given in such a way to the employees that can practice in a step-by-step manner 3. Using a planned approach for the application of tools and techniques. Reference [15] presented some of difficulties for usage of TQM tools as shown in Table I . For example, the encountered difficulties with the SPC are related to understanding, tenninology, and resources. ISO 9000 is the foundation of TQM implementation. QS-9000 is an essential quality management system for suppliers of production parts, materials and services to the automotive industry. ISO/TS 16949 is the automotive ISO technical specification that applies the ISO 9001 standard to an automotive supplier. In addition to all the ISO 9001:2000 requirements, it also needs to meet additional automotive supplier tools such as Production Part Approval Process (PPAP) and Measurement Systems Analysis (MSA) [18] .
A. Tools and Techniques/or Quality Improvement
Reference [19] proposed SPC to identify the factors that caused the convexity defect during the firing process. The convexity defect contributed 50% of the total number planarity defects or 27000m2 of tiles per year. Design of experiment was also implemented by constructing the 23 factorial designs. The result presented that the convexity defect was reduced from 530m2 per week to 315m2• Reference [20] applied SPC to study shocker seals defect in an automotive industry. Before SPC implementation, the rejection level of the shocker seal was 9.1%. Fish bone diagram was used to identify the root causes defect in shocker seal. X and R charts were applied to study the diameters of shocker seals. Finally, he showed that the level of production rejection has been reduced from 9.1% to 5% and achieved 0.953 of process capability.
A systematic and structured QM with the aid of relevant tools and techniques must be in action with regard to continuous improvement [10] , because the tools and techniques play a key role in a company-wide approach to continuous improvement. Reference [15] founded that the implemented quality management tools and techniques at different times, which are presented in Table II.   TABLE II. HISTORY OF APPLICATION OF QUALITY MANAGEMENT TOOLS
,.., 00 00 00 Reference [10] pointed out a large number of statistical tools and methods that were applied such as seven QC tools including Pareto diagram, histogram, scatter diagram, control charts, cause-and-effect diagrams (fishbone or Ishikawa diagrams), check sheets, and graphs. Seven MP tools should perhaps be called "supplemental seven QC tools" [22] . Nowadays, seven QC tools and seven MP tools are being implemented in many industries for instance, automotive, semiconductor, and industrial equipment [23] . Reference [21] showed that the selected finns with a higher level of implementation of critical factors use the TQM tools and techniques for a higher extent, which has a positive influence on TQM results. Reference [24] stated that the number of TQM tools is mostly 100 and come in various forms such as brainstorming, focus groups, check lists, charts and graphs, and diagrams.
Reference [25] proposed SPC to apply in a glass bottle manufacturing company to decrease process variations. Pareto chart was used to identify the defect, which occurred frequently. The major visual defect was blister defect while the physical defect was pressure failure. The fish bone diagram and action plan tools were constructed for each of the defects. The pressure failure and blister defect were reduced to 572 and 11 bottles respectively.
Reference [15] identified the use of quality management tools and techniques with various functions in Table IV . . � . � i2 Reference [27] appbed SPC ill 011 and Gas Company to monitor the difference between the targeted and measured energy consumption. Reference [28] implemented SPC in a tiles manufacturing company to reduce the defect rate of the ceramic tile. The applied Pareto chart showed that the crack was the defect with highest frequency indicated by 60.9%.
Reference [29] listed out 12 tools and techniques as shown in Table VI The PDCA cycle is analyzed using seven-step method and 5W's + IH including: what, why, when, where, and who + how as shown in Fig. 2 [23] .
Deming's PDCA is an excellent technique in monitoring and problem solving for continuous quality improvement where any brilliant ideas of individuals can be accommodated. In fact, any tool or technique should not be taken in isolation for use without a strategic disposition. For example, brainstorming and Pareto analysis are assigned to Plan section in PDCA while control charts, check sheets, graphs and diagrams are applied in both sections: Plan and Check.
C. Five Core techniques ofTQM
All automotive firms should be familiar with the five core techniques of TQM that are used in conjunction with ISO/TS 16949 as shown in Table VII [29] . Reference [30] conducted a process capability analysis for boring operation. X and R chart were constructed to analyze and assess the statistical stability of the boring operation. 
D. Introduction to TQM critical techniques
Nine TQM critical techniques are selected considering QS9000 and ISO TS16949:2002 requirements through literature review and survey on the automotive industries. These nine TQM critical techniques are comprised from; five core techniques including APQP, PPAP, SPC, MSA, FMEA, and two lean manufacturing techniques: 5S and Kaizen according to Toyota Production System (TPS), and two other techniques that are QFD and MP. QFD is a powerful tool to identify the customer needs, and MP includes a set of designing and planning tools as a modern quality tool.
FMEA has evolved gradually since its inception in the aerospace industry in the mid-1960s. Like FMEA, the root of the QFD began in the mid-1960s. Both QFD and FMEA address customer requirements in terms of actual and perceived functions of the product or service. QFD and FMEA have been introduced as the specialist and critical techniques in new product design and development process [31 ] .
The TQM critical techniques are useful for designing, planning, analyzing, problem solving, controlling and continuous improvement. In this study, SPC includes the seven quality control tools, and MP tools comprise seven Management tools. The techniques that have direct linkage with the introduction of new products are QFD, FMEA, and fault tree analysis tool [32] .
Reference [10] showed usage rate of basic SPC tools in Malaysian SMEs in Table VIII that implement TQM. These results reveal that the basic SPC tools and techniques are significantly understood and applied in the Malaysian firms. Typically, every tool has its own strengths and weaknesses. The effects and side-effects of each tool must be understandable to succeed, then the integration of tools should be investigated to combine the right tools in the right ways at the right times.
III. METHODOGY
This study gained data through E-mails, fax, posts and interviews by 30 quality experts of 10 selected companies in ISO-certified firms in Malaysia automotive industry.
The quality experts as decision makers include quality assurance manager, quality control engineer, quality improvement personnel, and other related team such as industrial engineering, quality auditing, quality training. These quality experts play an active role in the quality strategy and possess the knowledge that is required to answer the questionnaire through training.
The questionnaires were mailed directly to quality managers of the selected companies. A cover letter was included in explaining the purpose of the study, along with the questionnaire and a stamped return envelope. The questionnaire was designed with respect to the objectives of study. The process of developing the questionnaire was completed with a pilot study which it was used to modify and eliminate the number of techniques of TQM and the criteria as decision parameters to find the critical techniques and significant parameters in automotive industry by consulting with academic lecturers and quality experts who had experience in TQM implementation. Experts were consulted to ensure that the questions were properly phrased. Then the TQM critical techniques were defined briefly in glossary section of questionnaire to help the respondent to understand the respective items.
The steps of doing this research are illustrated in Fig. 5 . This study employed questionnaire including the pairwise comparison matrices. This survey asked about companies' common usage of tools, executives' satisfaction with those tools that they use, and the suitable interaction and interrelationship of these tools and techniques. This study used five-point scale as shown in Table IX for finding the relationship and interaction between TQM critical techniques. Very Important 5
IV. RESULTS
The questionnaires were answered by three quality skill experts in each automotive company. Most of the selected experts especially for interview were quality assurance manager, quality control engineer, and quality auditor.
A Data Analysis
The categories of automotive factories under this study presents that 70% were large and 30% were as Small and Medium Enterprises (SMEs) as shown in Fig. 6 . The experts' features were significant for this study because their idea were too critical to fmd the priority and interrelationship of TQM critical techniques. Thus, these features are analyzed through four categories: (1) involved teams' percentage; (2) expert's experience percentage; (3) expert's education percentage; (4) types of experts' designation. Fig. 8 presented the distribution percentage of teams in this study. It reveals that 47% was related to quality team, 20% to quality auditing, 20% to industrial engineering, and 13% to quality training. The expert's experience percentage is shown in Fig. 9 . The majority of experts had 5-7 years' experience, indicated by 30%.
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Fortunately 83% of experts were educated with degree level as shown in Fig. 10 . Fig. 11 presents the designation types of experts; 26% for quality assurance manager, 20% for quality assurance engineer, 20% as senior quality assurance engineer, 17% as quality assurance executive, 10% as quality control engineer, and 7% as quality improvement member.
Most of experts in quality team had 5-7 years' experience with degree level as quality assurance manager. For example, SPC with FMEA, QFD with APQP, and QFD with FMEA have the highest degree of relationship rather than other techniques.
V. CONCLUSION AND RECOMMENDATION
This study identified nine critical techniques of total quality management in automotive factories as a means of increasing awareness of implementation of total quality management's tools and techniques. The results have displayed that the degree of interaction and relationship of these TQM techniques for implementing together. The relationship between TQM critical techniques has a significant role for increasing productivity and reducing costs. The integration of them can generate a sustainable competitive advantage. It helps making a higher performance of quality management system. This study recommended implementing all nine TQM critical techniques as an integrated model based on their relationship to have more effective implementation. This is the efficient way for achieving a higher value and surviving in World class competitive markets. Thus, top quality manager can make an appropriate strategy for successfully implementing the TQM Techniques with respect their relationship in order to reduce cost and increase productivity.
